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This investigation examines the use of structural equation modeling (SEM)
procedures to develop and validate scales to measure environmental
responsibility, character development and leadership, and attitudes toward school
for environmental education programs servicing middle school children. The
scales represent outcomes commonly of interest to environmental education
programs and also to after-school and positive youth development activities. First,
we developed the scales using confirmatory factor analysis (CFA) and then we
used multi-group longitudinal CFA to cross-validate the model with data collected
before participation in the environmental education program, immediately after
the program, and three months later. The results support a three-factor model,
producing three scales that appear to be valid and reliable.

Keywords: scale development; structural equation modeling; measurement
invariance; environmental responsibility; character development; attitudes toward
school; environmental education

Introduction

Although environmental education programs vary in their specific objectives, certain
outcomes crosscut the field. Some of the most typical outcomes are associated with
enhancing participants’ environmental knowledge, attitudes, and behaviors (Hunger-
ford and Volk 1990; Leeming, Dwyer, and Bracken 1995; Musser and Malkus 1994;
Stern, Powell, and Ardoin 2008). In addition, many programs and experts acknowl-
edge the great potential and importance of environmental education programs for
influencing participants’ sense of empowerment, leadership skills, overall attitudes
toward school, and elements of social skills and character development (Arvai et al.
2004; Athman and Monroe 2004; Carr 2004; Ernst and Monroe 2006; Lieberman and
Hoody 1998; Linney 2007; Morgan et al. 2009; Simmons et al. 2004).

In this paper, we examine the development and validation of three scales to
measure environmental responsibility, character development and leadership, and
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attitudes toward school for environmental education programs serving middle school
children. We address issues of theoretical and methodological importance by examin-
ing the conceptual foundation, development, construct validity and reliability, and
psychometric qualities of these scales through the use of confirmatory factor analysis
(CFA), which is a form of structural equation modeling (SEM). SEM is a group of
rigorous statistical procedures that uses a confirmatory (as opposed to exploratory)
approach, provides clear statistical indices for making decisions, and explicitly models
the relationships between items, the concepts they represent, and the unexplained
residual variance or measurement error (Kline 2005). First, we developed the scales
using CFA and then we used multi-group longitudinal CFA to cross-validate the
model. To this end, we performed SEM on data collected before participation in the
environmental education program, immediately after the program, and three months
later.

Study site

The NorthBay Adventure Center (NorthBay) is located on the shores of the
Chesapeake Bay in northeastern Maryland. During the school year, NorthBay
provides five-day residential programs with an audience consisting primarily of
middle school groups. Each year NorthBay services more than 7000 students from
Maryland public and private schools, with groups ranging in size from 50 to 350
students. Each group is accompanied by teachers and adult chaperones. Although
NorthBay also offers a follow-up after-school program, the data reported herein only
relate to on-site programming.

NorthBay’s on-site programming focuses on three core themes: environmental
education, adventure, and character development. NorthBay’s environmental
education curriculum has been developed in conjunction with and is endorsed by the
Maryland State Department of Education and is based on Hungerford et al.’s (2003)
‘investigating and evaluating environmental issues and actions’ (IEEIA) model. The
IEEIA model provides students with a hands-on opportunity to investigate environ-
mental issues using a critical scientific approach and addressing multiple perspectives
pertaining to environmental problems. NorthBay’s environmental education program
uses the five ecosystems available on and around the campus as an outdoor classroom.
The adventure component of the NorthBay experience is designed to complement the
education program and seeks to challenge and empower students with the goal of
enhancing self-confidence, communication, team work, and leadership. This goal
differs from the program goal associated with another component of this program, the
use of IEEIA. The character development programming is embedded into all aspects
of the NorthBay experience but is highlighted during evening programs. These
programs use multi-media and live performance to address what NorthBay refers to
as ‘future killers,’ which include dropping out of school and using drugs, among
others. In addition to focusing on the students’ abilities to make their own informed
decisions about their futures, the evening program also reinforces environmental
themes introduced during the day by drawing analogies between environmental
lessons and challenges at home. For example, the program links the idea of wetlands
as ecological filters for pollutants in nature and role models as filters for negative
influences in students’ lives. Similar analogies are drawn regarding ecological
concepts such as invasive species and (bio)diversity. Overall, the program content
reflects NorthBay’s mission statement: 
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Challenge middle school students to realize that their attitudes and actions have a lasting
impact on their future, the environment and the people around them by using approved
Maryland Department of Education curriculum and the outdoors as an integrating
context. (http://www.northbayadventure.com/)

Conceptual framework and scale development process

Developing the NorthBay evaluation system was a participatory process, engaging a
range of staff members – including managers, educators, and operations personnel –
in a year-long planning process. This planning process largely followed the Sustain-
able Evaluation Program framework development process (Powell, Stern, and Ardoin
2006), which incorporates elements of utilization-focused (Patton 1996), participatory
(Cousins and Earl 1992; King 1998), theory-driven (Campbell and Stanley 1963;
Rossi and Freeman 1993; Weiss 1998), and consumer-based (Bledsoe and Graham
2005) approaches. In this process, the programmatic goals and their operational
definitions provided the conceptual framework and drove the subsequent development
of specific items for measuring each of the desired outcomes. During the planning
process, NorthBay administrators, staff, and stakeholders identified three outcomes
supported by five programmatic goals pertaining to character development and
leadership, environmental stewardship, and attitudes toward school (Table 1).

Using these three outcomes and their corresponding goals and specific objectives,
we developed and refined the survey items to best measure each concept following
procedures outlined by DeVellis (2003). Because each outcome of interest had a
specific operational definition with multiple objectives, we constructed scales using
multiple question types to best reflect each construct. We also varied question types
to alleviate testing fatigue, as children have been found to have shorter attention spans
than adults (e.g., Nelson et al. 1999; Ruff and Lawson 1990). Although there are bene-
fits to using multiple question types within a scale, method and measurement error
may be introduced (Byrne 2006). This potential for the introduction of method and
measurement error will be explicitly addressed in the Results section of this paper.
The three primary outcomes of interest are described in further detail below.

Character development and leadership

NorthBay staff identified two primary goals relating to character development and
leadership. Three main objectives were associated with each goal (Table 1). As
conceptualized by the NorthBay staff, character development and leadership focus on
participants’ feelings of self-empowerment, confidence, and competence and their
relationships with others. Although the environmental education literature considers
these to be important general themes (e.g., Carr 2004; Morgan et al. 2009; Simmons
et al. 2004), NorthBay’s goals in this respect are more clearly articulated in the after-
school programming literature (NIOST 2008). In particular, the concepts are closely
related to those commonly referred to as positive youth development (PYD). PYD
outcomes typically include the development of social and decision-making skills,
caring adult and peer relationships, self-confidence, positive self-images or identities,
a sense of caring and compassion for others, and a sense of right and wrong (Klein
et al. 2006; Lerner et al. 2005; Smith 2007). Similarly, fields such as outdoor and
experiential education also share similar outcomes, though we were unable to locate
scales that were directly and specifically useful for this context. Therefore, we
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developed nine survey items to construct the scale (see Table 2). All questions were
measured on five-point scales. Four questions used answer choices of ‘strongly agree,
agree, neutral, disagree, and strongly disagree,’ and five questions used answer
choices of ‘always, often, sometimes, hardly ever, and never.’

Environmental responsibility

NorthBay staff incorporated traditional themes of environmental awareness and stew-
ardship in their definition of environmental responsibility. They also included
students’ communities as part of the environment and their concern for these commu-
nities in their definition (Table 1). Six survey items were developed to construct the
environmental responsibility scale (Table 2). All questions were measured on five-
point scales. Three questions used answer choices of ‘strongly agree, agree, neutral,
disagree, and strongly disagree’; two questions used answer choices of ‘very inter-
ested, pretty interested, a little interested, hardly interested, and not interested’; and

Table 1. Outcomes, goals, and objectives of the NorthBay program.

Character development and leadership
Goal 1. To empower NorthBay participants to recognize they can make choices that can lead 

to a promising future
Primary objectives: 

• Students believe that their personal choices have an impact on their future.
• Students believe they can make appropriate, positive life choices.
• Students develop and rely on a support structure.

Goal 2. To foster the growth of leadership skills in NorthBay participants
Primary objectives: 

• Students care about others.
• Students clearly communicate with one another.
• Students take responsibility for their actions.

Environmental responsibility
Goal. To inspire environmental responsibility and community respect in NorthBay 

adventurers/explorers
Primary objectives: 

• Students understand that their actions affect the environment.
• Students will be involved in making a difference for the community.
• Students will engage in environmental stewardship.
• Students recognize environmental health, good and bad.

Attitudes toward school
Goal 1. To inspire improved academic performance of NorthBay participants

Primary objectives: 
• Students improve academic performance.
• Students are more excited about learning.
• Students are more involved in extra-curricular activities.

Goal 2. To encourage a healthy and empowered culture in participant schools
Primary objectives: 

• Students are enthusiastic, energetic learners who are respectful of others, the school, 
and the community.

• Students perceive teachers as supportive.
• Students expect themselves to complete school/education.
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one question used answer choices of ‘always, often, sometimes, hardly ever, and
never.’ Other studies examining similar environmental responsibility outcomes
included: Bunting and Cousins’ (1983) Children’s Environmental Response Inven-
tory; Evans et al.’s (2007) study of children’s environmental attitudes and behaviors;
Leeming, Dwyer, and Bracken’s (1995) children’s environmental attitude and knowl-
edge scale; Musser and Malkus’ (1994) children’s attitudes toward the environment
scale; and Stern, Powell, and Ardoin’s (2008) children’s environmental stewardship
scale. However, as reported in the literature, none of those studies used SEM
techniques to validate these scales.

Attitudes toward school

The ‘attitudes toward school’ construct reflects NorthBay’s desire to positively influ-
ence students’ academic motivations and their perceptions of their school (Table 1).
This conceptualization incorporates the ideas of other authors who have worked to
gauge the impact of environmental education initiatives on attitudes toward school.
For example, Lieberman and Hoody (1998) showed that environmentally-based
curricula can promote student gains in academic motivation and standardized test
scores and reduce classroom management problems. Ernst and Monroe studied the
impacts of 12 environment-based education programs in Florida on students’ critical
thinking skills, dispositions toward critical thinking, and academic motivation, finding
positive connections with each (Athman and Monroe 2004; Ernst and Monroe 2006).
Similarly, Hungerford, Volk, and Ramsey (2000) explored the value of IEEIA
programs on citizenship and academic achievement and also found positive correla-
tions. The after-school literature has further examined the connections between out-
of-school programs and attitudes toward school, examining outcomes such as student
grades and performance on standardized tests, behavior in the classroom, emotional
attachment to the school, motivation and engagement in learning, and homework
effort and completion (Durlak and Weissberg 2007; Miller 2005). Positive outcomes
have been linked to positive and respectful relationships between teachers and
students and among peers, involvement in extra-curricular activities, and comfortable
learning environments, among other variables (Klein et al. 2006; Miller 2005). Thus,
NorthBay’s conceptualization of attitudes toward school aligns with current thinking
about what generates positive student outcomes.

Ten survey items were developed to construct the scale (Table 2). All questions
were measured on five-point scales: three questions used answer choices of ‘strongly
agree, agree, neutral, disagree, and strongly disagree’; three questions used answer
choices of ‘always, often, sometimes, hardly ever, and never’; two questions used
answer choices of ‘very interested, pretty interested, a little interested, hardly inter-
ested, and not interested’; and two proportion questions used answer choices of ‘all of
them, more than half, about half, less than half, none of them.’

Methods

Sample and data collection

The evaluation-development process was completed in August 2006. The survey was
pilot tested during the 2006–2007 academic year. At that time, we used exploratory
factor analysis to further refine the operationalization of key concepts, following
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DeVellis (2003) and Presser et al. (2004). During the 2007–2008 school year, NorthBay
staff administered surveys to all students participating in NorthBay programs over three
specific weeks (n = 868). Students completed surveys immediately on arrival to the
NorthBay campus and immediately before departure, during their final meal on the
NorthBay campus. Response rates were at or near 100% for on-campus surveys.
Research occurred during these three weeks based on the attendance of three middle
schools – one urban public school, one rural public school, and one suburban/rural public
school. Using a purposive sampling method, the researchers selected the students of
these schools because they represented a cross-section of the rural-to-urban spectrum
as well as ethnic and socioeconomic composition. To increase the sample size and
reduce sampling bias, all students visiting NorthBay during the same three weeks as
the three selected schools were administered surveys. Students from 18 middle schools
were included in the 2007–2008 study. The other 15 middle schools in the 2007–2008
research included 14 primarily urban public schools and one rural public school.

Three months after their program, follow-up surveys were administered to
students at seven of the schools. NorthBay staff were not successful in arranging
follow-up surveys with the other schools. The surveys were administered in the class-
room by teachers, who then returned the completed surveys to NorthBay. This yielded
349 follow-up respondents. Not all students who participated in the before and after
surveys were present in class on the day of the follow-up survey.

Structural equation modeling

SEM is a group of advanced statistical procedures that are becoming increasingly
popular for multivariate analysis, and was employed to analyze and validate the scales
used in this study. It is being used more frequently because it is confirmatory (as
opposed to exploratory) in nature and requires the researcher to have an explicit
model; it explicitly models observed as well as latent variables (the actual items and
the concepts they are measuring); it can model and correct measurement error which
reduces inaccuracies; and finally, it allows for the analysis of a complete multivariate
model including direct and indirect effects (Byrne 2006; Kline 2005). In SEM,
measurement error refers to ‘indicator variance not explained by the factors’ (Kline
2005, 73).

We used the EQS v6.1 software (Bentler 2005) to perform the statistical analyses,
which progressed in several stages. First, the data were screened for univariate and
multivariate deviations from normality. We also conducted tests looking for patterns
in the missing data. Next, the structure of the items was tested using the follow-up data
in CFA. This is an explicit test of the hypothesized model regarding which items
would relate to each latent construct (character development and leadership, environ-
mental responsibility, and attitudes toward school) and is an iterative process in which
diagnostics indicate potential modifications to the model until the best fit is identified.
Lastly, the final model was cross-tested for validity by using tests of measurement
invariance through SEM. This analysis determines if the hypothesized model, includ-
ing the items comprising a scale and the hypothesized factor structure of the scales, is
stable across different samples (e.g., Kyle, Graefe, and Manning 2005; Whiteside-
Mansell and Corwyn 2003). By using longitudinal data collected pre-program, post-
program, and three months post-program to cross-validate our model, we provide a
rigorous analysis that confirms the stability of the scales and their psychometric
qualities (Byrne, Shavelson, and Muthen 1989).
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Data preparation

Initially data were screened independently using SPSS V.13 for cases missing more
than 50% of data and univariate outliers (Tabachnick and Fidell 2007). No cases
exceeded recommended cut-off values (Fox 1991). The primary analysis technique
used in this paper to analyze the structure of the items is CFA using SEM with maxi-
mum likelihood. As Yuan and Bentler (2001) and Hatcher (1994) describe, this tech-
nique is sensitive to variation in the normality of the data. Particularly, non-normal
multivariate kurtosis (variance due to infrequent extreme deviations) can lead to
improper results or parameter estimation. Therefore, following the procedures
outlined by Hatcher (1994), the data collected for each of the time periods were
examined for influential cases. The EQS software package (EQS 6.1) provides
measures for cases that have the most contribution to multivariate kurtosis. After
analysis, a number of cases that exceeded the threshold were removed from each of
the three datasets: 14 cases in the pre-program data, 13 cases in the post-program data,
and 2 cases in the follow-up data. The removal of these cases improved the overall
multivariate normality, thus reducing the possibility of erroneous results. Where
appropriate, robust measures, which correct for non-normality in the data, were also
used to ensure correct estimation of the parameters (Bentler and Yuan 1999; Byrne
2006).

Tests of missing data

We identified missing data and examined those missing data points for patterns of
‘missingness’ (Schafer and Graham 2002). We undertook a test of ‘missing
completely at random’ (MCAR) (Little and Rubin 1987) to examine the missing data
to see if those data were related to responses on other items. This procedure was
conducted independently for each dataset. There was significant evidence in all three
groups that a pattern existed in the missingness of the data (Allison 2003). Because of
the significance of the missing patterns, we did not impute the missing data. Imputa-
tion refers to a group of statistical procedures that analyzes an individual respondent’s
scores and ‘imputes’ or infers replacement values for missing data. Rather, cases with
missing data were excluded from the analysis. The number of cases used in the follow-
ing analyses were as follows: pre-program data = 765; post-program data = 760; and
follow-up data = 322 (Table 3).

Determining factor structure using confirmatory factor analysis

We used confirmatory factor analysis (CFA) to investigate and refine the NorthBay
scales because the analysis explicitly tests a hypothesized measurement model (as
opposed to an exploratory approach), accounts for sources of common measurement
and method error that is inherent in survey research, and provides empirical justification

Table 3. Sample sizes and missing cases.

Sample Sample size Missing cases Numbers used for analysis

Pre-experience 868 103 765
Post-experience 868 108 760
Follow-up (three months after) 349 27 322
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for model and scale development decisions (Byrne 2006; Kline 2005; Noar 2003). CFA
also provides multiple statistics that can be used to evaluate the appropriateness (good-
ness-of-fit) of a specified model to the sample data (Byrne 2006). In this paper, we
report Satorra-Bentler Scaled Chi-Square (S-Bχ2), Robust Comparative Fit Index
(CFI), Standardized Root Mean Square Residual (SRMR), Robust Root Mean Square
Error of Approximation (RMSEA), and its associated 90% confidence interval. Where
appropriate, the non-robust chi-square value (χ2) is also presented for comparison/
calculation of variation between models (Byrne 2006; Kline 2005).

The S-Bχ2, which should be interpreted like a χ2, is reported because it corrects
for the degree of kurtosis in the data (Satorra and Bentler 1994). The CFI is an ‘incre-
mental or comparative fit index’ that evaluates the change in fit between the hypoth-
esized model and the ‘independence model’ (Byrne 2006, 97; Kline 2005, 140). The
independence model assumes that all the variables in the model are unrelated. The CFI
represents the total covariation in the data and is measured on a scale of 0 to 1 with
values greater than .9 indicating an acceptable fit and values greater than .95 indicating
an excellent fit (Byrne 2006; Hu and Bentler 1999). Following the advice of Byrne
(2006) and Bentler (1990), we report the Robust CFI which accounts for non-normality
of data. The SRMR statistic provides the average difference between the sample and
the predicted correlation matrices and, thus, is not susceptible to non-normality (Byrne
2006). The SRMR uses standardized values with the range of scores between 0 and 1;
values less than .1 are considered acceptable and less than .05 are considered a good
fit (Hu and Bentler 1995; Kline 2005). The RMSEA is based on the average lack of
fit per degree of freedom; therefore, as the fit improves, the RMSEA decreases. As
such, this measure is sensitive to the degrees of freedom and the complexity of the
model (Byrne 2006). Like the SRMR, the scores range between 0 and 1, with values
of .05 to .08 deemed acceptable and values less than .05 considered excellent (Browne
and Cudeck 1993; Hu and Bentler 1999). In this analysis, we report the Robust
RMSEA to account for non-normality in the data. To explore potential adjustments to
the measurement model, the Lagrange Multiplier (LM) test was used (Byrne 2006;
Kline 2005). This test identifies items and inter-item covariance that degrade the model
and that, if removed, would improve the overall fit. In other words, this test suggests
the most statistically valid adjustments to the model that will improve its goodness-of-
fit. Because the LM test is empirical, model adjustment decisions also included theo-
retical justification (Byrne 2006; Tabachnick and Fidell 2007).

Results

Of the 868 students surveyed immediately before and after the NorthBay program,
55% were female, and students’ ages ranged from 10 to 15, with a mean and median
age of 11 years. Of the 350 students surveyed three months after the NorthBay
program, 54% were female, and students’ ages ranged from 10 to 15, with a mean and
median age of 11 years.

Consistent with recommended CFA covariance structure analysis procedures, we
explored our conceptually based hypothesized factor structure as well as alternative
models (Breckler 1990; Browne and Cudeck 1993). Our first step in determining the
structure was to test the items as a single-factor structure (Model 1). This model
assumes that all survey items contribute to a single latent construct. The resulting fit
was poor (S-Bχ2 = 843.71; CFI = .761; SRMR = .071; RMSEA = .081) indicating that
the model does not fit well into a one-factor model.
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As described previously, the survey instrument included four different types of
questions (‘strongly agree’ to ‘strongly disagree’, level of interest, proportion, and
behavioral intention questions with answer choices ‘never’ to ‘always’), and each
hypothesized scale contained multiple types. Scales are often constructed to measure
a factor such as ‘environmental responsibility’ from items using the same Likert-type
response choices stemming from the same initial survey question. In those cases, no
explicit testing for method/measurement bias is necessary with CFA because the
potential error is modeled and accounted for within the factor structure. The different
question formats used in the NorthBay survey, however, could lead to error in the
model, as variation in results may be attributed to the respondents’ reaction to the
question type rather than the latent construct that the question is attempting to
measure. In Model 2, we modeled this potential bias into the structure. The model’s
fit increased (S-Bχ2 = 590.29; CFI = .860; SRMR = .058; RMSEA = .065), which
signifies that the question type had an influence on students’ responses. Despite the
improvement, this model still generated poor statistical fit.

For the next model (Model 3), we used the five goals of the project, which
supported the three overarching outcomes to derive a five-factor structure. The fit
statistics improved over the one-factor model, but the results indicated that the model
structure could still be improved (S-Bχ2 = 450.08; CFI = .914; SRMR = .109;
RMSEA = .052). Finally, we constructed a three-factor model, which reflects the
hypothesized outcomes of the NorthBay program and the intended structure of the
items. The results of the three-factor model (Model 4) revealed an improvement in fit
(S-Bχ2 = 361.64; CFI = .952; SRMR = .047; RMSEA = .039) signifying that the
three-factor model was more appropriate than each prior model.

Model 4, the three-factor model, served as the base model and starting point for
refining the measurement model using the procedures outlined by Hatcher (1994).
First, we examined the factor loadings to uncover insignificant paths/low loadings and
error terms for high residual/correlated errors. EQS reports results from the Wald test
which identifies items within the model that if dropped, would increase the overall fit.
The software also reports the results from the LM test, which identifies additional
covariance relationships not reported in the model. Hatcher (1994) suggests that a
satisfactory model should: (1) display acceptable fit in all relevant indices, (2) contain
only significant factor loadings, and (3) contain only items with an acceptable level of
normalized residual.

To refine the model and improve the level of fit, the items ‘argue’ and ‘excuse’
were dropped from the leadership/character development factor because of low factor
loadings. Similarly, ‘danger’ was dropped from the attitudes toward school factor.
These low factor loadings indicate that the items did not measure the target factor as
intended. Two additional items, ‘work’ and ‘help,’ were dropped because of higher
loadings with the method bias factor than with the specified factor. This indicates that
the responses to these items were more highly associated with the question type than
with the factor. One item, ‘research’, was hypothesized as measuring academic perfor-
mance, but demonstrated cross-loading with another factor in the model, ‘character
development/leadership’. This item exhibited a stronger empirical link to the ‘charac-
ter development and leadership’ factor. After review, we felt the item also conceptu-
ally aligned with other items in the ‘character development and leadership’ factor
because of the item’s emphasis on personal initiative and self-empowerment. We
therefore changed its position in the model. Results from Model 5 indicate a substan-
tial improvement in fit (S-Bχ2 = 183.68; CFI = .981; SRMR = .038; RMSEA = .029).
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The Wald and LM tests did not identify additional opportunities for improvement in
this model; thus Model 5 represents the final measurement model (Figure 1). Table 4
displays a comparison of fit statistics for each of the models. Finally, internal consis-
tency, also known as reliability testing, was measured for each scale using the Rho
coefficient. The Rho coefficient is more appropriate than the Cronbach’s alpha in this
context because it adjusts for multiple factors, unequal factor loadings, and the use of
error terms in CFA (Byrne 2006). The scores ranged from .662–.795 (Table 7). The
Rho coefficient should be interpreted in the same way as the Cronbach’s alpha with
scores above .6 deemed adequate for group prediction (Gay 1991).
Figure 1. Model 5: adjusted three-factor model.

Testing validity of the structure

To further explore the validity and psychometric properties of the final model, we
used multi-group tests of measurement invariance to examine the stability of the struc-
ture across the three data collection points (pre-program, post-program [immediately
after program], and follow-up [three months after program]). These cross-validation
procedures provide a rigorous analysis that determines whether the items comprising
a scale, the hypothesized factor structure of the scales, and their measurements are
stable across different samples (Byrne 2006; Byrne, Shavelson, and Muthen 1989).
We developed the final measurement model (Model 5) using the follow-up data,
which served as Group 1. The post-program data served as Group 2, and the pre-
program data served as Group 3. Following recommendations by Vandenberg and
Lance (2000), we used increasingly stringent analyses to investigate invariance across
multiple samples.

First, we compared the fit statistics from each dataset independently using the
identical model (the same configuration). The results indicate that the statistics are
roughly the same with most of the differences attributed to the differences in sample
size (Table 5). Second, we developed a multi-group configural model that simulta-
neously tested the structure across the three samples. The configural test of invari-
ance simultaneously compares the ‘number of factors and factor-loading pattern’
across the groups (Byrne 2006, 233). Third, we tested the measurement invariance
by constraining the free factor loadings (loadings that are freely estimated and not
fixed to 1 for identification and scaling) to be equal. In this step, the pattern between
factor loadings of items and factors in the base model are compared against the two
additional samples by constraining them to be equal (Byrne 2006). Lastly, we
conducted the structural invariance test, which compares the relationships between
factor and error covariances by constraining them to be equal across the three
samples (Byrne 2006).

For each step, we tested the significance of the difference between each of the
models using a procedure that adjusts the chi-square difference test to the Satorra-
Bentler robust measures. When interpreting the results of this test, a p-value of less
than .05 indicates that the covariance structures of the models differ significantly and,
therefore, were not stable across the samples (Byrne 2006). Table 6 lists the fit statistics
of each analysis as well as the adjusted chi-square difference tests. The results of the
multi-group configural test produced statistics indicative of a good fitting model and
suggests that the structure of factors and items (the factor structure and factor-loading
patterns) are the same across the three samples (S-Bχ2 = 689.43; CFI = .970; SRMR
= .036; RMSEA = .031). When the factor loadings were constrained to be equal, the
results indicated a marginally significant difference between the measurement of the
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models (adjusted chi-square difference = 49.40; df = 34; p = .046). When covariances
were constrained to be equal, the multi-group test of measurement invariance also
showed a significant difference between groups (adjusted chi-square difference =
63.40; df = 46; p = .039). This suggests that while the structure was stable, one or more
of the metrics performed differently across time or between groups.

Further post-hoc analysis using the LM test, which indentifies the sources of differ-
ences in the comparison tests, indicated that the ‘service’ item performed differently

Figure 1. Model 5: adjusted three-factor model.

Table 5. Comparison of group fit statistics.

Model df S-Bχ2 CFI SRMR RMSEAa

Follow-up data 145 188.81 0.978 0.039 0.031 (.016, .042)
Post-program data 145 230.63 0.977 0.033 0.033 (.021, .034)
Pre-program data 145 257.52 0.958 0.035 0.035 (.025, .038)

a95% confidence interval around the RMSEA.
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for Group 2 (post) and Groups 1 (follow-up) and 3 (pre). Therefore, we removed the
constraints on ‘service’ (allowing for these loadings to be freely estimated) and then
re-analyzed the two measurement invariance tests. This resulted in non-significant
differences between the groups for each of the invariance tests (metric invariance
adjusted chi-square difference = 42.33; df = 33; p = .128; structural adjusted chi-square
difference = 55.86; df = 45; p = .128). The results from the series of invariance tests
suggest that the overall structure of the model is consistent over time. However, the
two more stringent metric invariance tests imply that the ‘service’ item was unstable
over time.

Discussion

The purpose of this analysis was to use CFA to investigate the psychometric proper-
ties of three scales to measure environmental responsibility, character development
and leadership, and attitudes toward school for environmental education programs
serving middle school children. We also demonstrated the use of SEM to test measure-
ment invariance over time using three samples. The results indicate that the hypothe-
sized three-factor model is more appropriate than the one-factor or five-factor
structures. The results also indicate that the final three scales are valid and reliable
(internally consistent) for measuring environmental responsibility, character develop-
ment and leadership, and attitudes toward school.

We also explicitly addressed method bias by modeling the different types of
questions used in the scales. This allowed us to account for and model the error
(contribution to variance) caused by different question types and to remove certain
items that were highly influenced by this measurement error. Similarly, the series of
CFA models provided empirical rationale for removing several items in order to
obtain the best possible model. In other words, the final CFA model provides a more
parsimonious list of items to measure each of the constructs under consideration:
character development and leadership, environmental responsibility, and attitudes
toward school. Table 7 provides a list of the final structure and items that constitute
the three scales.

After we developed a valid and reliable model, we also conducted increasingly
stringent multi-group tests of invariance across the three sample points. These tests of
invariance showed that the three scales are valid and reliable over time. The initial
tests of invariance demonstrated that the configuration of the model and their fit
(number of factors and the factor-loading pattern) are similar across the three groups.
However, in the more stringent metric invariance tests, one behavioral intention item
from the environmental responsibility scale (‘I [will] work as a volunteer in my
community’) did not perform consistently across the three sampling points. Immedi-
ately after the program, the item’s factor weighting increased from .373 to .491; in
other words, the item more strongly aligned with the concept of environmental
responsibility and the other items that measure the concept immediately after partici-
pation. Three months later, the factor weighting dropped to .461. A plausible explana-
tion for the item’s performance is that the item measured a behavior with a low locus
of control and also two different constructs across time. The item, ‘working as a
volunteer in my community’ requires opportunity, which is outside the control of the
student; hence, the behavior has a lower locus of control as compared with that of the
other behaviors measured in this study such as ‘paying attention to the teacher in
class,’ ‘researching things that I am curious about,’ or ‘talking with my family or
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friends outside of school about what I’ve learned.’ Second, the item measures actual
behaviors prior to participation, behavioral intentions immediately after the program,
and then actual behaviors three months later. This lower level of locus of control
coupled with the measurement of intentions post-program may have influenced the
performance (the factor weighting and covariance) of this item across time, because
many students who intended to work as a volunteer did not perform this behavior three
months later. Once the LM test identified this item as not performing the same in the
post-program sample as in the follow-up and pre-program groups, and that there was
a potential theoretical and practical reason for this, we removed the constraint on this
one item (Byrne 2006). The subsequent results indicate that the three scales are
reliable and valid across the three data collection points. However, future research
should investigate whether locus of control influences the performance of the ‘service’
item across time.

Conclusion

The SEM procedures described in this paper demonstrate the potential utility of these
statistical analyses for assessing the psychometric qualities, validity, and reliability of
scales. By using SEM analyses to confirm the three latent constructs and the items that
constitute the three scales, and by conducting the subsequent invariance tests to
confirm their validity, the three scales may be used in future research as three compos-
ite indexes (equally weighted summative scales) (Little et al. 2002; Matsunaga 2008).
This will aid environmental education practitioners and researchers interested in simi-
lar outcomes who wish to use these scales because composite indexes are easier to
create and analyze and the results are easier to interpret (Matsunaga 2008).

The scales developed and validated in this study reflect concepts of importance to
a wide range of environmental education and other out-of-school providers. While the
environmental responsibility scale represents a new measure of a widely accepted and
studied outcome in environmental education, the other two scales address outcomes
that have long been considered relevant to environmental education but are infre-
quently studied in this arena. The ‘character development and leadership’ and the ‘atti-
tudes toward school’ scales represent conceptual bridges to outcomes traditionally
associated with PYD and after-school programming. The convergence of these differ-
ent concepts to measure the outcomes of the NorthBay program reflects not only the
innovation of the program itself, but also signifies a first step toward acknowledging,
quantifying, and evaluating the impact of environmental education programs on addi-
tional outcomes of common interest.
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